The objective of this study was to assess the accuracy and reliability of mercury and aneroid sphygmomanometers. Measurement of accuracy of calibration and evaluation of physical conditions were carried out in 524 sphygmomanometers, 351 from a hospital setting, and 173 from private medical offices. Mercury sphygmomanometers were considered inaccurate if the meniscus was not '0' at rest. Aneroid sphygmomanometers were tested against a properly calibrated mercury manometer, and were considered calibrated when the error was р3 mm Hg. Both types of sphygmomanometers were evaluated for conditions of cuff/bladder, bulb, pump and valve.
Introduction
In clinical practice, the diagnosis of hypertension is performed by indirect measurement of blood pressure using a mercury or an aneroid sphygmomanometer. Thus, sphygmomanometer accuracy and proper functioning are essential for correct diagnosis of hypertension or normotension.
Inaccurate and unreliable equipment can lead to an erroneous diagnosis with serious consequences for the patient. The diagnosis of normotension in hypertensive patients will prevent them from receiving the benefits of the treatment; the diagnosis of hypertension in normotensive patients will be harmful because it may lead to unnecessary treatment. Previous studies have shown that 30-40% of the aneroid manometers used in family practice and hospitals were inaccurate. 1, 2 It is essential to have confidence in the ability of a sphygmomanometer to provide accurate and reliable readings in order to make correct diagnoses and therefore prescribe proper treatment.
The purpose of this study was to evaluate the condition of sphygmomanometers with regard to: (a) accuracy of calibration; and (b) physical conditions of the cuff/bladder, and inflation/deflation systems (bulb, pump and valve). noted due to: excessive bouncing (14%), illegibility of the gauge (7%), blockage of the filter (6%), and lack of mercury in the reservoir (3%). Bladder damage was noted in 10% of the hospital devices and in 6% of private medical practices. Rubber aging occurred in 34% and 25%, leaks/holes in 19% and 18%, and leaks in the pump bulb in 16% and 30% of hospital devices and private practice devices, respectively. Of the aneroid sphygmomanometers tested, 44% in the hospital setting and 61% in private medical practices were found to be inaccurate. Of these, the magnitude of inaccuracy was 4 -6 mm Hg in 32%, 7-12 mm Hg in 19% and Ͼ 13 mm Hg in 7%. In summary, most of the mercury and aneroid sphygmomanometers showed inaccuracy (21% vs 58%) and unreliability (64% vs 70%).
Material and methods
A total of 524 sphygmomanometers were evaluated from two settings: (1) Hospital-351 sphygmomanometers, (315 mercury, 36 aneroid) from the University of São Paulo General Hospital, São Paulo, Brazil (67% of the total devices tested). (2) Private medical practices-173 sphygmomanometers (5 mercury, 168 aneroid) from private medical practices of the city of São Paulo as well as those devices brought by private practitioners to two national medical congresses upon request of the authors (33% of the total devices tested).
For the data collection, a written instrument was used to record the following process:
(1) Identification of type of equipment (aneroid or mercury). (2) Assessment of accuracy of calibration: mercury manometers were assessed by visual inspection of the coincidence of the meniscus with the zero mark; the devices were considered calibrated when the meniscus was '0' at rest. In addition, mercury manometers were evaluated for the following factors that can interfere with the reliability of blood pressure measurement: (a) legibility of the gauge; (b) bouncing of the column of mercury during inflation and deflation; and (c) permeability of the filter at the top of the column of mercury.
Aneroid manometers were assessed for accuracy against a calibrated mercury manometer using a 'Y' connector according to the following procedure: (a) interpose the aneroid to be tested, the mercury manometer and the rubber pump to the three ends of the Y connector; (b) inflate the system until it exceeds 250 mm Hg; (c) slowly open the rubber pump valve in order to reduce pressure; (d) note the correspondence of values between the two manometers at the levels of 250, 200, 150, 100, 50 and 0 mm Hg on the mercury manometer; and (e) identify the magnitude of error in mm Hg in the correspondence of values at each level.
Aneroid manometers were considered calibrated when the error was р3 mm Hg. The differences in magnitude of error at varying levels was tested by analysis of variance. A P Ͻ 0.05 was considered significant. (3) Evaluation of the physical condition of the equipment. The cuff/bladder, bulb, pump and valve were all examined for rubber aging, leaks, and presence of holes.
Results

Aneroid sphygmomanometers
Of the hospital aneroid manometers tested (n = 36), 39% were calibrated, 44% were uncalibrated, and 17% had parts missing; of the private practice manometers tested (n = 168), 39% were calibrated and 61% were uncalibrated. Of the total aneroid manometers tested (n = 204), 39% were calibrated, 58% were uncalibrated, and 3% had parts missing ( Figure 1 ). Magnitudes of error in the uncalibrated manometers were as follows: 32% had differences of 4 -6 mm Hg, 19% had differences of 7-12 mm Hg, and 7% were found to have differences Ͼ13 mm Hg. It is to be noted that most of the differences observed were toward lower values, leading to possible underestimation of blood pressure. The magnitude of error in the uncalibrated aneroid manometers tested was found to be significantly greater (P Ͻ 0.05) at the higher values (200 and 250 mm Hg) than at lower values (50 mm Hg) ( Figure 2 ). One hundred (85%) of the uncalibrated aneroid manometers read lower than the standard mercury manometer, and 18 (15%) read higher than the standard one.
Mercury sphygmomanometers
Of the mercury manometers tested (n = 320), 68% were calibrated, 21% were uncalibrated, and 11% had parts missing (Figure 1 ). In addition, excessive bouncing was observed in 14%, illegibility of the gauge in 7%, blockage of the filter in 6% and lack of mercury in the reservoir in 3%.
Cuff/bladder and inflation/deflation system conditions
Bladder damage was noted in 10% of the hospital devices and 6% of the devices in private medical practices. Rubber aging occurred in 34% and 25%, leaks and holes in 19% and 18%, and leaks in the pump bulb in 16% and 30% of hospital devices and private practice devices, respectively. Results of this study indicate that fewer mercury sphygmomanometers were found to be inaccurate than aneroid manometers (21% vs 58%), with no significant differences noted between hospital-based equipment and devices used in private practice. When considering all equipment defects that can compromise the reliability of blood pressure measurement, 64% of both types of manometers in the hospital setting, and 70% of both types in private practice settings were found to have at least one of the following defects: (a) magnitude of error Ͼ3 mm Hg in aneroid manometers; (b) mercury manometers that were not at zero level at rest, or that showed excessive bouncing, illegibility of the gauge, blockage of the filter and/or lack of mercury in the reservoir; and (c) deterioration of the physical condition of the cuff/bladder and inflation/deflation systems.
Discussion
The most important aspect of this study was a demonstration of the degree of inaccuracy and imperfect physical conditions in the majority of the sphygmomanometers tested. Less than half (39%) of the aneroid devices were in a condition for proper use.
Although blood pressure measurement is a relatively simple procedure there are several factors that may contribute to measurement error. The American Heart Association addresses factors that can affect blood pressure measurment; factors related to (a) the observer; (b) the technique; (c) the environment; (d) the patient; and (e) the equipment. 3 Both aneroid and mercury sphygmomanometers can be a potential source of error, although both give precise and reproducible results when accurately calibrated and in a good physical condition.
Calibration errors in both aneroid and mercury devices can be caused by improper usage, dropping of the devices during blood pressure measurement, lack of adequate care when transporting the devices, lack of appropriate storage conditions and facilities, and aging or wear of equipment.
Aneroid manometers are small, and offer the advantages of ease of handling and portability. A distinct disadvantage is the difficulty in detecting calibration error. The coincidence of the needle with the zero level on the scale with cuff deflated does not necessarily indicate calibration and can lead to erroneous reading. Mercury manometers are bigger and heavier than the aneroid ones, but their calibration is easily tested (visual inspection to verify that the meniscus is at zero level at rest). Assurance of accurate calibration of aneroid manometers will only be obtained by a regular, periodic test against an accurately calibrated mercury manometer. In the present study it was found that the incidence of inaccurate calibration was significantly lower (P Ͻ 0.05) than in aneroid manometers.
In a study by Burke et al, 1 30% of the aneroid manometers tested had a magnitude of error Ͼ4 mm Hg vs only 2% of the mercury manometers.
McKay et al 2 showed that approximately 8% of mercury sphygmomanometers and 40% of aneroid manometers in ambulatory care clinics were out of calibration by at least 4 mm Hg. None of the mercury ones were out of calibration by more than 6 mm Hg, while 30% of the aneroid ones were out by 10 mm Hg or more. Jones et al 4 found that 34% of 125 aneroid sphygmomanometers used in pre-hospital settings deviated by more than 4 mm Hg, and 10% of those showed a deviation of more than 8 mm Hg. Bailey et al, 5 in an examination of 230 aneroid sphygmomanometers, identified 35% with a magnitude of error Ͼ3 mm Hg. Gomes et al 6 showed a range of error from 5.5 to 6.8 mm Hg in the sphygmomanometers found in hospital admission areas and a range of error of 2.0 to 2.8 mm Hg sphygmomanometers in those located in out-patient clinic sites.
In the present study, 58% of the aneroid devices had a magnitude of error у4 mm Hg, and of those, approximately one-third had errors higher than 7 mm Hg. It must be emphasized that almost all of the magnitudes of error were in the downward direction so that blood pressure readings would be underestimated. This is important because the direction of inaccuracy may contribute to missed diagnoses of hypertension and subsequent failure to treat a potentially life-threatening condition. Therefore, Brazilians are not receiving the proven benefits of accurate blood pressure measurement.
Previous studies have found differences in the levels of mm Hg at which the magnitude of error occurs. 7, 8 In a study of 3390 aneroid sphygmomanometers, Fisher 7 noted differences exceeding 3 mm Hg in 22% of the equipment at 60 mm Hg, in 25% at 120 mm Hg, in 29% at 180 mm Hg, and in 34% at 240 mm Hg. Cady et al 8 found that of 150 sphygmomanometers used in emergency medical services, 28% of the sphygmomanometers were inaccurate at 90 mm Hg. The present study demonstrated that the magnitude of error in both mercury and aneroid manometers was greater at higher (200 and 250 mm Hg) than at lower levels (50 mm Hg).
Although most of the mercury manometers tested in the present study showed appropriate conditions, roughly one-third of them showed not only problems related to inaccurate calibration, but also problems that can interfere with reliability of measurement.
Insufficient mercury in the reservoir can cause underestimation of blood pressure, and excess mercury can cause overestimation. With prolonged use, mercury can oxidize. The presence of dirt on the wall of the column or a clogged filter at the top of the column of mercury can cause excessive bouncing of the column leading to a false increase in the blood pressure reading. Wear or damage to the external gradation of the column can result in an erroneous reading.
Conditions of the rubber bladder of the cuff, bulb, pump, and valve may also interfere with sphygmomanometer reliability. Conceição et al 9 found that half the sphygmomanometers in a teaching hospital had faults in the control valves. Leaks in the control valves make inflation of the rubber cuff difficult, and the speed of deflation difficult to control. This can cause erroneous readings with underestimation of the systolic pressure and overestimation of the diastolic pressure. Aging of the bulbs and rubber cuff was especially evident throughout this study's assessment of manometers. Leaking caused by holes in the connections or aging of the rubber bladder or the bulbs were also found and can cause inaccuracy in blood pressure measurement.
In conclusion, the present study showed a high incidence of inaccuracy in both aneroid and mercury sphygmomanometers, and in both hospital and private medical practice based settings. These results reinforce the recommendations made by The American Heart Association and The British Hypertension Society that aneroid and mercury sphygmomanometers must be checked regularly in order to avoid errors in blood pressure measurement and consequently the diagnosis and treatment of hypertension. 3, 10 
